Background: This study aimed at investigating the CV health and CV disease knowledge in terms of LS7 score among 3 age groups in Hong Kong. Methods: A cross-sectional multicenter observational study was conducted to observe the CV health and disease risk knowledge in Hong Kong. Elderly subjects were recruited from 15 elderly centers, whereas young adults and the middle-aged were recruited from 6 on-campus health check sessions. Subjects' demographics, lifestyle behavior and risk knowledge were obtained through questionnaire while their body mass index, random capillary blood glucose, blood cholesterol and blood pressure were measured. LS7 score and risk knowledge score was calculated. Results: The LS7 of younger adult, middle-aged and elderly were 10.6 ± 1.3, 9.3 ± 1.9 and 9.7 ± 1.7 respectively. Only 0.6% participants have attained ideal CV health and 35.9% have 5 to 7 ideal CV health metrics. Elderly performed worst in risk knowledge with a score of 8.1 ± 3.3 while young adult and middle-aged were similar (9.6 ± 1.8 and 9.7 ± 1.5). 71% of the participants correctly identified ≥9 components. Logistic regression revealed that subjects aged ≤65 years (OR 2.341, 95% CI 1.779 to 3.080) and with tertiary education (OR 2.031, 95% CI 1.527 to 2.701) were more likely to obtain optimum LS7. No association was found between having optimum LS7 and full knowledge. Conclusion: Only few adults in this study population had ideal CV health as defined by AHA. Knowledge has no association but young age and tertiary education has positive association with CV health.
Background
Cardiovascular diseases (CVD) are one of the most burdensome diseases with high mortality. According to the World Health Organization (WHO) Non-communicable Diseases Country Profiles 2018, CVD were the first leading cause of death globally claiming 17.9 million lives in 2016, which is equivalent to 31% of the total deaths worldwide [1] . On the other hand, the burden of CVD in terms of medical cost is also huge in many countries. In the European Union, the overall expenditure on CVD in 2015 was estimated to be €210 billion (HK$2.16 trillion, €1 = HK$10.3), in which only 53% was direct medical cost [2] . The other half came from indirect costs such as productivity loss and informal care, which revealed the profound effect of long-term management of CVD. In the United States, the estimated economic cost of CVD in 2015 was approximately US$555 billion (HK$4.33 trillion, US$1 = HK$7.8), which was the highest among all disease states [3] . In Hong Kong, CVD was also one of the top three leading causes of death in 2018 accounting for 12.8% of all-cause deaths [4, 5] . CVD were also one of the top five disease groups with the highest number of in-patient discharges and deaths in all hospitals, and the increasing trend was still ongoing [5, 6] . Figures from the Hospital Authority revealed that diseases of circulatory system occupied the largest proportion of the total health expenditure [7] . These statistics indicate that preventing CVD could significantly reduce the health expenditure.
The American Heart Association (AHA) issued guidelines on the prevention of CVD back in 2002 and updated in 2019. Healthy lifestyle such as sufficient physical activity and balanced dietary intake is recommended to reduce the risk of CVD [8] . In 2010, AHA set up the 2020 Impact Goals aiming at improving the cardiovascular (CV) health of all Americans by 20% while reducing deaths from CVD and stroke by 20% by 2020 [9] . Seven behaviors and health factors of individuals were identified as the keys to acquire ideal CV health and primordial prevention of CVD events. These seven metrics, or known as Life's Simple 7 (LS7), include the assessment of smoking status, physical activity, dietary intake, body weight, blood pressure, blood glucose and cholesterol. Multiple studies have assimilated these 7 health aspects into CVD risk estimation and the results were promising [10, 11] .
Besides, different CVD risk factors have been identified for decades. Sufficient knowledge is necessary to motivate an individual to change his behaviour [12] . Patients with more extensive knowledge about CVD risk factors were found to have better prevention-seeking behaviour [13] . Foreign studies have used a variety of methods to examine the knowledge about CVD risk factors [14] [15] [16] [17] [18] [19] [20] [21] . Diverse results were obtained with respect to different populations. The CARDIA study showed that young adults had low knowledge level about CVD risk factors and knowledge level does not predict 10-year change in risk factor [16] . In a Canadian study, the knowledge level among the elderly was found to be consistently lower than the younger age group [17] . In a Croatian study, it was found that about one-fourth of high CVD risk elderly failed to recognize their own risk [22] . Education level [18] , income level [19] and ethnicity [20, 21] were found to influence CVD risk knowledge. However, there is a lack of data about the understanding and awareness of CVD among Hong Kong people.
This project aimed at investigating the prevalence of Hong Kong adults who achieve ideal CV health and thus adding value to worldwide LS7 comparisons and bridges the gap and assesses the CV health and CVD risk knowledge of Hong Kong people.
Methods

Study design
This was a cross-sectional multicenter observational study to assess the CV health and CVD risk factor knowledge in Hong Kong in 2013. The current study was approved by the research ethics committee of Joint Chinese University of Hong Kong-New Territories East Cluster.
Setting
A total of 22 health check sessions were held in 15 nongovernmental elderly centers between July and August 2013 and the campus of Chinese University of Hong Kong in November 2013. Each health check session was divided into two sections, namely health assessment with questionnaire and critical health markers measurement which includes blood pressure, blood glucose, cholesterol and body mass index [9] .
Blood pressure was taken using Ormon HEM-7113 Automatic Blood Pressure Monitor (Ormon Healthcare, Kyoto, Japan) after resting in a seated position for at least 5 min. Blood glucose level was measured by BREEZE® 2 Blood Glucose Monitoring System (Bayer, Leverkusen, Germany) with documented time postprandial. Blood cholesterol level, including LDL, HDL, TG and total cholesterol, were measured by CardioChek® PA (Polymer Technology Systems, Indianapolis, USA) with PTS Lipid Panel Test strip. Each blood sample was collected by a lancet with 40 μL capillary blood collector.
Participants
Elderly subjects (older than 65 years old) were enrolled from the above-mentioned elderly centers while younger (18 to 39 years old) and middle-aged (40 to 65 years old) adults were recruited in the campus of Chinese University of Hong Kong.
All recruitment was conducted on a voluntary basis. Subjects would be included if they were able to complete both the questionnaires and critical health marker measurements. Subjects with poor prognosis with life expectancy less than 12 months undergoing other clinical trials were excluded from the study.
Outcome measurements
The questionnaire for health assessment was designed to collect demographic data, CVD awareness and knowledge, CVD risk-lowering action and lifestyle background (see Additional file 1). These data, together with the critical health markers was then converted into LS7 score, which is the primary outcome of the current study. LS7 is a scoring system proposed by AHA and takes into account of 7 health aspects: smoking status, physical activity, diet, BMI, blood glucose, blood cholesterol and blood pressure. Each aspect was rated at "ideal", "intermediate" or "poor", corresponding to a score of 2, 1, or 0 respectively [23] . Individuals obtaining 14 points were defined to have ideal CV health. Table 1 summarizes the AHA LS7 health categories.
The secondary outcome measurement was CVD risk knowledge that was assessed in the "awareness and knowledge" section of the questionnaire. There were 19 types of health condition or behavior listed and subjects were required to determine whether each of them was a CVD risk factor by means of the three-point Likert scale, which includes the options 'agree' , 'neutral' and 'disagree'. Eleven of them, namely hypertension, diabetes mellitus, hyperlipidemia, smoking, lack of exercise, overweight, high salt consumption, high sugar consumption, advanced age, family history and stress, are true risk factors. Knowledge scores were calculated by summing up the number of correct identifications made. Obtaining a maximum score of 11 indicated a full knowledge on CVD risk factors.
Statistical analysis
The results of continuous variables were presented as means ± SDs while that of categorical variables were presented as frequencies and percentage. LS7 scores were categorized according to the LS7 scoring system, with 0-4 being classified as inadequate, 5-9 as average, 10-14 as optimum CV health, and 14 as ideal CV health. CVD risk knowledge levels were dichotomized into "full knowledge of 11 components" and "insufficient knowledge". Chi-square test was employed to test the differences of LS7 and CVD risk knowledge among three age groups, with a p value of less than 0.05 considered to be statistically significant. Logistic regression analysis was performed to estimate the effect of gender, age, education, birthplace and co-morbidity on LS7. All analyses were performed using SPSS version 20 (International Business Machines Corp., Armonk, New York).
Results
Baseline characteristics
Of the 1538 participating subjects, 996 (64.8%) of them had completed the whole questionnaire and critical health markers with valid results. The demographic characteristics were summarized in Table 2 . The mean age of the studied subjects was 56.3 ± 25.5 years, and the mean age was 24.5 ± 5.4 years, 49.5 ± 5.4 years and 77.6 ± 6.9 years for young adults, middle-aged and elderly respectively. The number of participants in the 3 age groups were not balanced and three-quarters of them are female. There were also a higher proportion of participants with tertiary education.
Life's simple 7 score
The LS7 distribution of the study population was presented in Table 3 . The mean LS7 score was 10.0 ± 1.7. Among the three age groups, younger adult obtained the highest mean LS7 score of 10.6 ± 1.3, followed by the elderly (9.7 ± 1.7) and the middle-aged (9.3 ± 1.9). Overall, participants performed best in smoking status (93% ideal), followed by cholesterol (81% ideal) and BMI (74% ideal). The worst CV health metrics were blood glucose (39% ideal) and blood pressure (33% ideal), with over 20% of respondents having 'poor' performance (23% for blood glucose and 35% for blood pressure). The result of individual component varies in different age groups. Smoking status remained the most ideal metric achieved across all 3 age groups. Diet was the least ideal metric in young adults, physical exercise in the middle-aged group and blood pressure in the elderly.
The prevalence of ideal CV health was also summarized in Table 3 . We found that only 0.6% (n = 6) of the 996 participants attained ideal CV health (ideal for all 7 health metrics), and 35.9% have 5 to 7 ideal CV health metrics. Out of the 6 participants, four were elderly and two were yound adults. Table 4 revealed the awareness of CVD risk factors in the study population. Of the 996 participants, 32.3% (n = 322) obtained a score of 11, i.e. correctly identified all 11 CVD risk factors. 71.0% (n = 708) of the participants correctly identified ≥9 components. Hypertension was the most well-recognized CVD risk factor (87.6%, n = 873) while diabetes mellitus and high sugar consumption had the lowest recognition (71.9%, n = 716 and 72.6%, n = 723). The mean CVD risk knowledge score was 8.8 ± 2.8. Among the three age groups, elderly performed worst with a mean score of 8.1 ± 3.3. The performance of young adult and middle-aged were similar with a mean score of 9.6 ± 1.8 and 9.7 ± 1.5 respectively.
CVD risk factor knowledge
Predictors of cardiovascular health
The predictors of ideal CV health were shown in Table 5 . Subjects with age equal or under 65 (OR 2.341, 95% CI 
Discussion
Previous studies have clearly demonstrated that patient recognition of CVD risk factors was an important prerequisite to prevent CV incidents [24] . Therefore, it is hypothesized that recognizing CVD risk factors is an indicator of higher CV health awareness, and subsequent better CV health performance. While there are a lot of Caucasian data of people's knowledge towards CV health and CVD risk factors, the situation in Hong Kong is yet to be addressed. To the best of our knowledge, this was the first study that focus the CV health and awareness of Hong Kong people. Our study revealed that the prevalence of ideal CV health was extremely low among Hong Kong population which is similar to the studies in other countries, with a range of 0.1 to 1.0% [25] [26] [27] [28] [29] [30] . However, there was a higher proportion of participants (35.9%) with five or more ideal metrics in Hong Kong than the study conducted by Folsom et al. (12.2%), Heart SCORE (less than 10%) and HONU Project (21.9%) [26] [27] [28] [29] , indicating that the CV health in Hong Kong may be better. It is however worthwhile noticing that the middle-aged and elderly groups perform equally worse than young adults, thus prompting the need for more resources for middleaged outreach service in the future.
For individual health metrics, the study cohort of Hong Kong also performed better than all other studies in total cholesterol, BMI, smoking status, and diet but worse in blood glucose [26] [27] [28] [29] [30] . Furthermore, there is much room for improvement in physical activity in middle-aged group, blood pressure in elderly group and diet in younger adult group. These, together with blood glucose, are potential areas that warrant more focus in the planning of future cardiovascular health promotion campaigns.
It should, however, be noted that the ideal metrics in LS7 was defined by AHA in 2010 and has not updated since then. However, the treatment guidelines of different health indicators have been evolving. JNC 8 suggested initiating pharmacological treatment in the general population when systolic BP ≥140/90 mmHg (systolic BP > 150 mmHg for population aged ≥60) [31] . If we take this value as ideal BP, the percentage of subjects meeting the criteria would be doubled from 32.7% (n = 326) to 75.5% (n = 752). On the other hand, the development of LS7 and the definition of ideal metrics were based on the American population but have not been well studied in Asian population. Due to the differences between races, the cut-off of different health factors may vary. The definition of ideal BMI in LS7, for instance, is less than 25 kg/m 2 . However, it was proposed that a BMI of 23 kg/m 2 or more would be a CVD risk factor in Asian population [32] . If we take 23 kg/m 2 as a cutoff of ideal BMI, only 55.0% (n = 548) instead of 73.7% (n = 734) would meet the criteria. As a result, the actual CV health condition of the population may be under-or over-estimated.
In terms of LS7 score, younger and more educated subjects were more likely to perform better. Subjects born in Hong Kong were slightly more likely while male subjects are less likely to have optimal LS7. These results revealed the need of a CV health improvement programs targeting less educated male elders. To our surprise, no association was found between CVD risk factor knowledge and LS7 score. This implies people fail to execute healthy lifestyle behaviors even if they have adequate CV knowledge. The hinders for optimal LS7 should be explored so that future CV health programs could stress the importance of implementation rather than knowledge acquisition. On the other hand, patients with hypertension and diabetes also had lower LS7 scores, indicating the lack of self-awareness of the diseases prognosis. Despite the lack of negative direct proportion as seen in patients with hypertension and diabetes, patients with heart disease were also unlikely More than 30% of participants were able to identify all 11 CVD risk factors in the questionnaire and more than 70% of respondents recognized at least 9 of the risk factors. These results were consistent with a U.S. crosssectional survey in which 37% of primary care patients was able to identify all 7 components of cardiac risk factors of myocardial infarction [14] . For individual components of CVD risk factors, our study revealed that obesity and family history were less recognized as CVD risk factors when compared to another U.S. crosssectional study involving 172 18-26-year-old African American adults [33] .
There were also certain limitations in our study. Selection bias could not be avoided due to the voluntary nature of outreach services in CUHK campus and elderly centers. As a result, there were a gender imbalance (72% of respondents being female) and education level difference in the current study and thus the results may not be generalized to the whole population in Hong Kong. The self-report nature of the current study would also stimulate a passive recall bias of CVD risk factors as they were stated explicitly in the questionnaire among other potential factors.
This pilot study has portrayed the local CV health on the basis of LS7, CVD risk knowledge background and offers a valuable glimpse into the CV health condition in Hong Kong. The results have provided baseline characteristics of CV health in Hong Kong, as well as shed light on the aspects of CVD risk factors that need more focus. Future studies can prospectively follow the CVD risk factor knowledge change for a period of time to see the trend of CVD risk perception in Hong Kong people. It is also meaningful to see if a graded relationship occurs between CV health and CVD incidence or mortality.
Conclusion
The current study showed that the prevalence of ideal CV health is low in Hong Kong. Middle-aged and elderly subjects have worse CV health than young adults to a similar extent. More resources should be deployed to the less educated male elderly population that shows poorer CV health. CVD risk factor knowledge has no association while young age and tertiary education has positive association with CV health. The best recognized CVD risk factor is high blood pressure, whereas the least recognized ones are diabetes and family history. 
